In experimental animals and in man, stasis of intestinal contents, particularly in the proximal portion of the small bowel, may produce malabsorption (Donaldson, 1964; Hoet and Eyssen, 1964 ). The syndrome originally described by Cannon and Murphy (1906) referred to the clinical picture produced by stasis consequent to a side-to-side intestinal anastomosis. The term 'blind loop syndrome' now is applied loosely to malabsorption caused by many congenital and acquired lesions which lead to stasis of intestinal contents. The chief features of the syndrome are steatorrhoea and vitamin B12 malabsorption. Enteric bacteria have been implicated in the pathogenesis of both of these defects (Badenoch, 1958;  Donaldson, 1964; Wirts and Goldstein, 1963) . Deconjugation of bile salts in the intestinal lumen by certain bacteria may be an important factor in the production of steatorrhoea (Kim et al., 1966; Tabaqchali and Booth, 1966) . Vitamin B12 malabsorption probably occurs because of bacterial uptake of the vitamin in the intestinal lumen (Donaldson, 1962) . Though Anderson (1966) drew attention to intestinal stasis as a cause of malabsorption in children, the condition has received little emphasis in the paediatric literature generally. Our report describes 4 children with the syndrome, points out the variety of causes from which it may accrue, and emphasizes its clinical and laboratory features.
Material and Methods
The patients were investigated in either the Clinical Investigation Unit or in the Newborn Unit of the Hospital for Sick Children. These facilities enabled accurate measurements of dietary intake and reliable collection of urine and stools.
Faecal fat was assayed on samples collected over 5-day periods (van de Kamer, ten Bokkel Huinink, and Weyers 1949). Dietary intake of fat was calculated by weighing the food offered and that rejected, and the fat excretion was expressed as a percentage of dietary intake. Measurements of D-xylose excretion after an oral dose of 5 g. were made on urine collected during the next 5 hours (Benson et al., 1957) . Blood sugars were measured by the method of Hoffman (1937) adapted to the autoanalyser. Vitamin A tolerance (Bessey et al., 1946) , serum iron (Ramsey, 1958) , and serum vitamin B12 (Grossowicz, Sulitzeanu, and Merzbach, 1962) were measured. Formiminoglutamic acid (FIGLU) was assayed in urine after an oral load of histidine (Allen and Whitehead, 1965; Dormandy, Waters, and Mollin, 1963) . Serum concentrations of calcium and magnesium were assayed by flame photometry (MacIntyre, 1961; Wootton, 1964) and inorganic phosphate by the method of Horwitt (1952) . Intestinal absorption of vitamin B12 was assessed by measuring the 24-hour urinary excretion of 57Co after an oral dose of the labelled vitamin given with intrinsic factor, using a 'flushing' dose of parenteral vitamin B12 (Schilling, 1953) . Pancreatic trypsin and chymotrypsin were assayed in duodenal juice and in fae¢es (Dyck, 1967 X-rays of the abdomen showed severely dilated small bowel (Fig. 2) . His bones were poorly mineralized and skeletal age was approximately 8 years.
Faecal fat excretion was abnormal, ranging between 20 and 37% of intake. The response of fat excretion to orally administered tetracycline HCI was then assessed before the child underwent laparotomy. The results of this trial are summarized with those on other patients in a subsequent section of this report.
At operation the small bowel was found to be distended to 15 cm. in diameter for 1 metre proximal to the site of the original side-to-side anastomosis. The dilated segment was resected leaving 2 metres of small intestine including duodenum, proximal jejunum, and terminal ileum. Entero-enterostomy was performed. Fat excretion was 14% of intake 17 days after the operation. In the next 12 months he grew 15 cm. and gained 7 kg. Case 2. Age 40 days, male. This infant, born after 31 weeks' gestation, weighed 1 3 kg. at birth. He had oesophageal atresia, duodenal atresia, and colonic atresia. Gastrostomy, end-to-side duodeno-jejunostomy, and right transverse colostomy were carried out at 24 hours of age, but no bowel was resected. At operation the duodenum was grossly dilated proximal to the atretic segment at the junction of the second and third parts. There were normal ganglion cells in the small segment of duodenum resected at that time.
After operation, the infant failed to gain weight in spite of an adequate caloric intake. At 2 weeks of age, he developed severe watery diarrhoea and passed alkaline liquid stools from which no significant bacterial pathogens could be cultured. X-rays, after injection of barium through the gastrostomy, showed a persistent dilatation of the second portion of the duodenum, with little progress of barium beyond that point (Fig. 3) . Cine-radiography, however, revealed that when he was placed on his left side, barium flowed unobstructed into the distal limb of the anastomosis by gravity. Faecal fat excretion at this time was 67% of intake, averaged over a 9-day period. The response of fat excretion to orally administered tetracycline HC1 was assessed.
The child's general condition improved at this time and he continued to progress favourably after it was discontinued. He died suddenly at the age of 10 months after developing bronchopneumonia and acute bowel obstruction at the colostomy site. At necropsy, the duodenum was dilated proximal to a completely patent duodeno-jejunostomy. Ganglion cells were distributed normally throughout the intestinal tract.
Case 3. Age 2 weeks, female. This infant was born after 31 weeks' gestation and weighed 1-7 kg.
Laparotomy was undertaken at 48 hours of age because she had passed no meconium and was vomiting bilestained vomitus. Jejunal atresia was found and endto-side duodeno-jejunostomy and gastrostomy were performed.
Two weeks after operation, she developed diarrhoea, having 12 loose pale yellow stools per day. No pathogenic bacteria could be cultured from her stools. She became emaciated. X-rays of the gastro-intestinal tract after barium was injected into the gastrostomy showed the duodenum to be dilated proximal to the anastomosis. Though barium passed freely through the anastomotic site into the jejunum, the dilated duodenal loop was still filled with barium two hours later (Fig. 4) . Faecal fat excretion at this time was 20% of dietary intake. Her response to orally administered tetracycline was assessed. This child also improved generally when she was given the drug, and the improvement persisted after the drug was discontinued.
No additional therapeutic measures were undertaken. When seen at the age of 2 years and 9 months, she was at the 10th centile for both height and weight. Faecal fat excretion estimated on a five-day collection undertaken as an out-patient was 3-4 g. per day on a normal diet for age, representing approximately 1000 of her estimated intake of fat. Intestinal x-rays showed a persisting moderate dilatation of the duodenum, though barium passed freely through the anastomosis. Case 4. Age 2 years, female. This child was perfectly well until six months before admission when she began vomiting undigested food that had been eaten one or two days before. Her abdomen became distended. There was no diarrhoea, but her stools were bulky and foul.
Her height (82 cm.) was at the 10th centile and her weight (10-4 kg.) at the 3rd centile. She had the long eyelashes, commonly seen in chronic debilitating diseases, a smooth tongue, and a grossly distended resonant abdomen. X-rays of the gastro-intestinal tract showed the duodenum and proximal jejunum to be very dilated, with abnormal coarsening of the mucosal folds (Fig. 5) , though the diameter and mucosal pattern of the distal portion of the jejunum were normal. The precise site of obstruction could not be identified.
Faecal fat excretion was 38% of intake. At laparotomy, a congenital diaphragm with a central orifice only 5 mm. in diameter was found across the mid-jejunum. Proximal to this diaphragm the jejunum was grossly dilated and its wall was thickened. This area was resected and end-to-end anastomosis performed. After operation, the small intestine, visualized radiographically, had returned to normal calibre. Three months later, the patient was asymptomatic and faecal fat excretion was normal (7% of intake).
Laboratory Findings
Data on small intestinal function are summarized in received oral tetracycline HCl (Fig. 6) . The response was clear cut only in one patient (Case 1) whose fat excretion returned to the previous high level after the drug was stopped. Administered to the 2 infants (Cases 2 and 3), tetracycline HCI appeared to reduce fat excretion, but there was no return to previous high levels after it was dis-TIME CONSECUTIVE THREE Serum concentration Ca (mg./100 ml.).
90-11 0 9 4 8 8 10 2 7 9 P (mg./100 ml.).
3-8-6-7 4-5 3 5 4 8 4-7
Mg (mEq/l.). (Starzl, Butz, and Hartman, 1961; Botsford and Gazzaniga, 1967) . Our patient (Case 1) who presented 10 years after the creation of a side-to-side anastomosis of his ileum, had the typical clinical and laboratory features of this syndrome (Donaldson, 1964) : chronic obstruction, malnutrition with malabsorption, particularly of fat and vitamin B12. The profound growth failure in this instance exemplifies the particular problem faced by children with this entity. Proof that the condition was caused by obstruction and not by loss of small intestine at the original operation comes from his dramatic improvement after relief of that obstruction in spite of the resection of additional intestine. The favourable response of steatorrhoea to oral antibacterial therapy has been seen in previous reports of the blind loop syndrome (Badenoch, 1960; Panish, 1963; Donaldson, 1965) . In our patient the trial of antibiotics was of value in determining that steatorrhoea was not caused entirely by loss of intestine and that stasis probably was a significant pathogenetic factor.
The other 3 cases demonstrate different causes of the syndrome. The 2 newborns (Cases 2 and 3), each of whom had intestinal anastomosis performed for atresia in the proximal portion of the small intestine, illustrate that stasis and steatorrhoea may occur in the absence of an anatomical obstruction. In each of these 2 infants, barium passed freely through the anastomosis and in one, at necropsy, the anastomosis was widely patent. Probably, stasis in these cases is due to the poor propulsive action of the dilated and hypertrophied segment of bowel proximal to the anastomosis failing to empty adequately into the collapsed distal bowel. Nixon (1955) recommended proximal bowel resection in atresia. Benson, Lloyd, and Smith (1960) and Swain, Peonides, and Young (1963) have both drawn attention to this entity in newborns who have required intestinal anastomosis for atresia, and Nixon (1960) provided further experimental evidence for abnormal propulsion. Benson et al. recommended resection of the proxi-mal atonic dilated segment and end-to-end anastomosis. Both Benson et al. and Swain et al., in following the natural history of this entity, noted spontaneous improvement. Our findings in Cases 2 and 3 are in keeping with their observations.
Congenital anomalies are particularly important in the aetiology of the blind loop syndrome in children. The anomaly most frequently associated with stasis is malrotation, with accompanying bands across the duodenum (Anderson et al., 1961; Soderlund, 1962) . Congenital diaphragm, particularly when located in the jejunum, is rare (Benson et al., 1960) . Case 4 demonstrates 3 important points:
(1) the syndrome may have a relatively late onset even though a congenital anomaly is its basis; (2) radiological assessment of the intestinal tract is valuable in demonstrating a localized lesion; and (3) clinical manifestations of incomplete obstruction in this age-group may mimic the distension and failure to thrive seen in coeliac disease.
Summary
Four examples of the blind loop syndrome are described to emphasize that it occurs more commonly in children than has been recognized in the past. Clinically, the condition is similar to that in adults, with the additional feature of stunting of growth. We report the occurrence of malabsorption secondary to stasis, after correction of proximal intestinal atresia, even without a mechanical basis for obstruction. Studies of a child in whom a congenital anomaly was the cause of intestinal malabsorption are included to emphasize the particular importance of these defects in the causation of the blind loop syndrome in children.
